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The magnetorefractive effect (MRE) has become an established technique for the contactless measurement of giant and colossal mag-
netoresistance and has also been extended to the study of thick granular tunnelling films. Here, the MRE is used to study the behaviour of
a MgO(100)/Mg0(20 nm)/Fe(20 nm)/MgO(1.5 nm)/Fe(5 nm)/Co(3 nm)/Au(3 nm) magnetic tunnel junction patterned into square pillars
of lateral dimension: 50 m and 5 m. A significant MRE is observed, enhanced by the presence of an absorption edge associated with
MgO, although the exact origin of the effect is unclear.
Index Terms—Infrared, magnetoresistance, tunnelling.
I. INTRODUCTION
I N THE FAR infrared (IR), the dielectric response and com-plex refractive index of a metal are directly related to its dc
electrical resistivity with the result that the refractive index is
a function of the electrical resistivity. This is exploited in re-
mote techniques for measuring giant magnetoresistance (GMR)
by sensing a change in reflection, transmission or emission in
an applied magnetic field [1]–[3]. In spectral magnetorefrac-
tive effect (MRE) measurements, the percentage change in re-
flected intensity in an applied magnetic field is measured as a
function of wavelength. The electrical characterisation of mag-
netic tunnel junctions (MTJ) is experimentally more difficult
than continuous metallic GMR films, and hence there is an even
greater incentive to develop a contactless method for studying
their electrical behaviour.
The effective medium approach normally used to model the
MRE in metals breaks down when studying MTJ due to the pres-
ence of the insulating tunnel barrier through which IR trans-
mission is high. Previous work has concentrated on thick film
granular tunnelling materials such as Co-Al O which contain
large volume fractions of insulator, the dielectric properties of
which are modified by the magnetic inclusions, with only one
work reporting measurements on layered MTJs [4]. Spin depen-
dent effects have also been seen in thick granular films in which
multiple reflections occur, enhancing the changes which occur
in a magnetic field [5], [6]. Here we report the detection of a sig-
nificant MRE from a patterned MTJ, enhanced by the presence
of an absorption edge associated with MgO.
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Fig. 1. Scanning electron microscope images and schematic diagram showing
the structure of the magnetic tunnel junction: MgO(100)/Mg0(20 nm)/Fe(20
nm)/MgO(1.5 nm)/Fe(5 nm)/Co(3 nm)/Au(3 nm) patterned into 3 cm arrays of
5 m and 50 m square pillars.
II. SAMPLE DETAILS
The sample (Fig. 1) was prepared by molecular beam epitaxy
on an MgO substrate and patterned into 3 mm arrays of square
pillars with lateral dimensions: 50 m 50 m and 5 m
5 m. The structure of the MTJ is:
MgO(100)/Mg0(20 nm)/Fe(20 nm)/MgO(1.5 nm)/Fe(5 nm)/
Co(3 nm)/Au(3 nm).
III. INFRARED MEASUREMENTS
The room temperature MRE spectra were measured at wave-
lengths, m with randomly polarized IR radia-
tion using a Fourier Transform Infrared Spectrometer in applied
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Fig. 2. Average of 10 repeats of the MRE spectrum measured at 1.25 T from the
5  m square pillar region. The sharp feature at 12.5  m occurs at the position
of the LO phonon mode of the MgO substrate.
fields up to 1.25 T. The MRE(%) is defined as
% (1)
where , , and are three consecutive spectra, and
are taken in zero applied field and is the spectrum acquired
in an applied magnetic field. and are averaged in order
to take into account any variations in the background, which
change linearly with time such as thermal drift.
The spectra for the 5 m pillars are shown in Figs. 2 and 3.
As the film is thin compared to the skin depth of the IR radia-
tion, the raw IR spectrum is dominated by the spectral response
of the MgO, including the substrate, which contains the longi-
tudinal optic (LO) and transverse optic (TO) phonon modes at
24 m and 13.5 m, respectively. This results in a sharp in-
crease in reflectivity as the wavelength is increased at approxi-
mately 12.5 m. In 1.25 T, the size of the MRE is approximately
0.2% at long wavelengths with a prominent step of magnitude
0.6% at the MgO absorption edge. Fig. 2. is an average of 10
very similar spectra demonstrating the repeatability of the mea-
surement. By masking different regions of the sample, the MRE
was measured for the different patterned regions, however, no
significant differences were observed between the 5 m and the
50 m square pillars.
Fig. 3 shows the MRE spectra as a function of in-plane ap-
plied magnetic field. The MRE step and long wavelength value
both scale with the applied field, and have not yet saturated at
1.25 T. Control experiments carried out on MgO substrates and
the sample holder confirm that the MRE originates from the
sample.
IV. DISCUSSION
The origins of the spin-dependent effect are not yet clear;
they may result from bulk spin dependent scattering within the
Fig. 3. Average MRE spectra measured from the 5  m square pillar region of
the sample for applied magnetic fields from 0.2 to 1.2 T.
magnetic layers, or the more direct effect of spin dependent tun-
nelling on the dielectric response. The high field response of the
sample, beyond the applied field at which the tunnelling magne-
toresistance is expected to have saturated, raises the question of
either a paramagnetic response or high field saturation of mag-
netic nanoparticles contributing to the effect. However, what-
ever the origin of the effect, the result demonstrates the effec-
tiveness of using a resonant feature in the underlying reflectivity
spectrum to enhance an otherwise small MRE. The spectra can
be modelled using the dielectric function and the enhancement
across the step edge can be illustrated using a simple Lorentz os-
cillator model. The ac dielectric function can be written in the
usual notation
(2)
where is the resonant frequency, is a scattering time,
is the number of active vibrational oscillators and is the
response of the mobile electrons in the system. Effects compa-
rable to the step observed in Figs. 2 and 3 can be achieved by
assigning a magnetic field dependence of . However, this will
not model the persistence of the effect at longer wavelengths,
suggesting a magnetic dependence in the electronic response.
The enhancement of a small MRE effect superimposed on a
resonant feature in a substrate opens the way to the technique
studying a wider range of materials or to using the step edge as
a magnetic switch.
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